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Introduction
The colon targeted drug delivery system has a number of important implications in the field of pharmacotherapy. Oral colon targeted drug delivery system has recently gained importance for delivering a variety of therapeutic agents for both local and systemic administration targeting of drugs to the colon via oral administration protect the drug from degradation or release in the stomach and small intestine. It also ensures abrupt or controlled release of the drug in the proximal colon. Various drug delivery systems have been designed that deliver the drug quantitatively to the colon and then trigger the release of drug. 1 The new techniques of drug delivery which makes the system capable of controlling the rate of drug delivery, sustaining the duration of therapeutic action and most focused on targeting the drugs to the specific sites have aroused as revolution in pharmaceutical field, thereby giving rise to the novel drug delivery system. 2 The electrostatic interactions between two or more opposite charged polyelectrolyte in solution form complex are called as polyelectrolyte complexes. 3, 4 It involves interaction between the polymer-polymer, polymer-drug, and polymer-drug-polymer. 5 These are formed due to electrostatic interaction between oppositely charged polyions. This avoids the use of chemical crosslinking agents, thereby reducing the possible toxicity and other undesirable effects of the reagents .The polyelectrolyte complexes formed between a poly acid and poly base are little affected by the pH variation of the dissolution medium This concept of complexation, between DNA and Chitosan. 6 Many approaches have been developed to manufacture polyelectrolyte complex like Polyelectrolyte Titration, Jet Mixing, Ionic gelation method, Hot-melt Extrusion method etc. Losartan potassium is a potent highly specific angiotensin II type (AT1) receptor antagonist with anti-hypertensive activity. It develops a gradual and long lasting effect as antihypertensive, becoming a new alternative to this frequent chronic disease treatment. 7 The ARBs specifically block the interaction of angiotensin II at the AT1 receptor, thereby relaxing smooth muscle, increasing salt and water excretion, reducing plasma volume, and decreasing cellular hypertrophy. These
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Losartan Potassium is an angiotensin II receptor antagonist (AIIRA) with antihypertensive activity. It is used in the management of hypertension and heart failure. The main purpose of the study was to formulate and evaluate a colon specific polyelectrolyte complexation based formulations of Losartan Potassium (LP). The polyelectrolyte complexes were prepared by physical mixing of cationic Chitosan(C) in combination with anionic polyanions like Xanthan gum(X)/Sodium alginate (SA). The polyelectrolyte complex (PEC) blend were incorporated into Hydroxy propylmethylcellulose (HPMC) capsules (# 0) and the capsule were coated with the solution of Eudragit S 100 (1-5% w/v) by dip coating method to safeguard the release of drug in the upper gastrointestinal tract. The powder blends were evaluated for their additive properties. FTIR spectroscopy of physical mixture of Drug and polymer (1:1) exhibited no interaction with the drug as major peaks of the drug were found to be intact in the spectra .The blend of all the batches were evaluated for parameters like angle of repose was found to be between 18.5-19.7, Bulk density was found to be between 0.172-0.2 (gm/cc) and tapped density between 0.183-0.218 (gm/cc). Carr's Index was found to be in between 3.17-14.7, Hausner's ratio ranged between 1.03-1.16. All the formulations showed excellent blend properties. Prepared coated capsules were evaluated for physical parameters like percent swelling index and vitro drug release. Percent swelling index suggested that Eudragit S-100 at 5 % w/v concentration was found to have best percent swelling index accounting to highest value of 122 % after twelve hours of study. Dissolution study suggested that the F5 formulation comprising Chitosan + SA (50mg+20) showed the highest drug release i.e 98.92% in 15hrs at pH 7.4 phosphate buffer with regard to release kinetics , the data were best fitted with the first order kinetics with super case II release kinetics. From the data, it was suggested that Chitosan/Alginate based polyelectrolyte complex may constitute an excellent carrier for colonic drug delivery system (CDDS).
agents exert their blood pressure-lowering effect mainly by reducing peripheral vascular resistance usually without a rise in heart rate. 8 
Materials and methods

Materials
Losartan Potassium was gifted by, ZIM Laboratories Nagpur. Eudragit S100 was gifted from EVONIK, India. PEG 400, Sodium Alginate, Chitosan and Talc were purchased from Central Drug House (Pvt.) Ltd, India; Xanthan gum was purchased from Yarrow chem. products Mumbai, India. All other ingredients used were of analytical grade.
Method
Preparation of polyelectrolyte complex: Polyelectrolyte based colon specific formulation of (LP) were prepared by different polyelectrolytes were physically blended with different ratios and the calculated amount of drug + polyelectrolyte physical mixture was then passed through sieve no 60 and filled into the HPMC (# 0) size capsules as per the different ratios of polymers were shown in the formulation Table 1 .
Preparation of entero-specific coating solution: Coating solution was prepared and shown in Figure 1 . Evaluation of polyelectrolyte physical mixture: The prepared polyelectrolyte physical mixtures were evaluated for FTIR, bulk density, tapped density, Carr's index, hausner's ratio and angle of repose.
Characterization of pre-compressed powder blend: 9-12 Pre-compressed powder blend properties were evaluated on the basis of following parameters which are mentioned below: a. Bulk density: The bulk density value includes the volume of all the pores within the sample. Accurately weighted quantities of powder were transferred into measuring cylinder and initial volumes were measured. The bulk density was calculated by using following formula.
( )
Weight of the powder sample Bulk Density BD Volume of the powder sample = b. Tapped density: The tapped value, or absolute density, of a sample excludes the volume of the pores and voids within the sample. Accurately weighted quantities of powders were transferred into measuring cylinder. The cylinders were then allowed to tap on to a bulk density apparatus for 100 times. The heights of tapped powders were measured, and then the tapped density was calculated by using following formula.
Weight of the powder sample Tapped Density TD Volume of the tapped powder sample = c. Carr's index and hausner's ratio: The Carr's index and the Hausner's ratio were determined by measuring both the bulk density and tapped density of the powder. The Carr's and Hausner's ratio were calculated for all the formulations as follows:
Tapped Density Bulk Density Carr s index 100 Bulk Density
d. Angle of repose:
The frictional force in a loose powder can be measured by the angle of repose (θ). Angle of repose is defined as the maximum angle possible between the surface a pile powder and horizontal plane. The angle of repose of powder will be determined by fixed funnel method to access the flow property of powders. The diameter of the powder cone (d) and the height (h) of the pile were noted. From the diameter, radius (r) was calculated. The angle of repose (θ) was calculated by using following formula. a. Coating thickness: The prepared colon specific coated capsules were evaluated for the thickness attained by Eudragit S100 coating. The thickness was measured by Micrometer Screw gauge. Initially, the bare capsule shells were subjected for thickness measurement at three different positions. This was followed by final measurement at three different positions of the coated capsules. The changes in thickness indicate the final Eudragit coating acquired by the capsules. The evaluation was done in triplicate. 13 Coating thickness was calculated by using this formula.
b. % Swelling index:
The swelling studies were carried out of the formulations, i.e., from F1 to F6 as described by Mundargi et al. 14 with slight modification. Three capsule from each batch were weighed initially and immersed in different dissolution medium (pH 1.2, 6.8, and 7.4) using USP type II dissolution apparatus in 900ml dissolution medium at 50 rpm, 37°C±0.5°C. The swollen capsules were taken out at predetermined time intervals, and using tissue paper, excess of water on their surface was carefully removed and capsules were reweighed (W2). The study was carried out over a period of 12h and the capsules were observed for rupturing. The % swelling index was calculated using the following formula which is mentioned below.
In -vitro evaluation of capsule formulations
Capsule formulations were evaluated on the following parameters:
c. In vitro drug release. 
Weight variation test 15
20 capsules were selected at random. One capsule was weighed. The capsule was opened and the contents were removed as completely as possible. The emptied shells were weighed. The net weight of its content was determined, that was by subtracting the weight of the shells from the weight of the intact capsule. The procedure was repeated with other 19 capsules. Every individual capsule in a batch should be uniform in weight and weight variation should be within the permissible limits.
Individual weight Avg. weight % wt variation 100 Avg.weight x − = Drug content 16 Weighed an amount of the equivalent to 50mg of Losartan potassium was dissolved in 100ml of phosphate buffer pH 7.4, filtered, diluted suitably and analyzed for the drug content at 228.5nm using UV-visible spectrophotometer.
In -vitro drug release 13, 17 Drug release studies of the prepared colon specific capsule by using polyelectrolyte complex were performed in accordance with the method by Newton et al. 16 and Ganesh B Patil et al. 12 with slight modification in triplicate, in a USP Dissolution Apparatus II (Paddle type) (Electro lab TDT-08Lx, India). The dissolution test was performed using 0.1 N HCl pH 1.2 for the first 2 hours, followed by in phosphate buffer pH 6.8 for next 2hr at 37±0.5°C. The media was then replaced by phosphate buffer pH 7.4 and the release was observed for up to 11hrs in the 7.4 phosphate buffer. The speed of rotation of paddle was set at 50rpm. Aliquots of 1ml were withdrawn from the dissolution medium at different time intervals, filtered and fresh dissolution medium was replenished immediately. Absorbance after dilutions was observed by UV spectrophotometer (LABINDIA-3200) at maximum wavelength.
Stability studies
Stability studies were carried out on best formulation. The capsules were stored at 40°C and 75% RH for duration of three months. After every one month samples were withdrawn and tested for various parameters like drug content and in vitro drug release. ).
c. The FTIR spectra of drug and chitosan showed the absorption band due to -C-O-C (1015.57cm ). The above findings suggest that there was no interaction between drug and polymer, although there was slight shift in the peaks in the FT-IR spectra but considered to be insignificant shown in Figure 2 .
Evaluation of powder blend:
The blend of all the batches were evaluated for parameters like angle of repose was found to be between 18.5-19.7 Bulk density was found to be between 0.172-0.2 (gm/cc) and tapped density between 0.183-0.218 (gm/cc). Carr's Index was found to be in between 3.17-14.7, Hausner's ratio ranged between 1.03-1.16. All the formulations showed excellent and good blend properties has been shown in Table 2 . %Swelling Index: The effect of Eudragit S-100 (1-5 % w/v) concentration as colon specific coat over HPMC capsules was investigated by swelling index. The coated capsules (1-5% w/v) were introduced in different dissolution medias (pH 1.2, 6.8 and 7.4). The increase in Eudragit S-100 concentration exhibited direct relationship with swelling index. In all the formulations it was observed that Eudragit S-100 was able to withstand the integrity of the capsule in different pH conditions, though concentrations ranging from (1-3% w/v) showed very less % swelling index it was less than 30% in first four hours. On further increasing the concentration it was found that the % swelling index was further decreased and it accounted only to about 19% and 14% for concentrations 4 & 5% w/v respectively for first four hours. The increment in the concentration accounted more % swelling index which can be because of the increased amount of Eudragit S-100 a colon specific polymer. Therefore on the basis of % swelling studies Eudragit S-100 at 5% w/v concentration was found to have best percent % swelling index accounting to highest value of 122% after twelve hours of study which might improve the drug release after the formulation reach to the colonic environment shown in Figure 3 . The percentage swelling index has been shown in Table 3 .
Drug content, thickness and average weight: Results for drug content, thickness and weight variation are indicated in Table 4 and were found to be well within the limits. Drug content of all the formulations were determined and it was found to be in the range of 98.80-101.96 % for all the formulations. The drug content results were found to be in compliance with the range of drug content of I.P. Thickness of all the formulation of coated capsule were found to be in the range between 2-3.2 (mm) has been shown in Table 4 .
In-vitro drug release profile:
In vitro drug release studies were performed for all the formulations at varying pH conditions such as pH 1.2 (0.1 N HCl), phosphate buffer pH 6.8 and pH 7.4 to mimic the physiological pH conditions. The Eudragit S 100 coated capsules (F1-F6) were introduced in the dissolution media for the release studies of drug in the different pH environment. The result demonstrated that all the prepared formulations were able to sustain the release of the drug efficiently over the span of 15 hours which might be an exhibition of PEC formation between different polyions. Almost all the formulation exhibited less than 2% and 6% drug release within first two hours and first four hours of study respectively. The very less amount of drug release shown by the formulations in first four hours might be in relation to the colonic (pH sensitive 7.4) release properties of Eudragit S-100. As the formulations were assessed for the effect of change of pH (pH 1.2 to pH 6.8 and then to 7.4) the coating of the capsules might have dissolved which is in correlation with release profiles. Almost all the formulations started releasing the drug in phosphate buffer pH 7.4 for upto 15 hours with formulation F5 showing maximum 98 % The formulation containing Chitosan and Xanthan Gum F1-F3 (Chitosan 100mg and 5mg Xanthan gum), F2 (Chitosan 100mg and 10mg Xanthan Gum), F3 (Chitosan 100mg and 15mg Xanthan gum) released 95.65%, 91.47% and 95.54% of the drug, respectively up to 15hr of the dissolution study. The sustained release profile as exhibited by the formulations containing (Chitosan and Xanthan Gum) as polyions might be due to polyelectrolyte complexation. By increasing the concentration of Xanthan Gum with Chitosan the drug release was further decreased moreover it can only release the drug maximum to 95.65 %. The formulation F4, F5 and F6 (Chitosan+ Sodium Alginate) showed a significant sustained release profile as like Xanthan gum based formulation. The formulation F4 having the ratio of oppositely charged ions (50mg Chitosan +10mg sodium alginate), exhibited 98.44% drug release in 15h. Whereas F5 Formulation (50mg Chitosan+20mg sodium alginate+50mg L.P) showed 98.92% drug released in 15hrs. The formulation F6 in 15 hrs released the drug upto 93.45% only which might be the case of stronger polyelectrolyte charge interactions. So among all the formulations it was observed that F5 formulation was found to be the best formulation has been shown in Figure 4 . The percentage cumulative drug release has been shown in the Table 5 .
Drug release kinetics
The release profiles of the developed formulations were fitted with various pharmacokinetics models in order to assess the sustained release pattern and mechanism of drug release. Result demonstrated that F1 and F2 formulation followed the zero order kinetics; F3 formulation followed the Krosmeyer-Peppas model for drug release indicating the drug release behaviour from swellable polymers. Formulations F4, F5 and F6 were found to be following first order kinetics. Results of the kinetic analysis of drug release indicated that the most predominant release mechanism was first order " " values of between 1.65-2.01 which implies super case II release kinetics. This indicated that the release of drug from all formulations followed the mechanism of sustain release. The results of the curve fitting into these above mentioned mathematical models has been shown in Table  6 .
Stability study
The stability studies of the best formulation was known by performing stability studies for three months at accelerated conditions of 40°C±75% RH on optimized formulation. The formulation was found to be stable, with insignificant change in the drug content and in-vitro drug release pattern the data has been given in Table 7 . 
Conclusion
Targeted drug delivery to the colon is highly desirable for local treatment of a variety of bowel diseases such as (ulcerative colitis, crohn's disease) amebiosis, colonic cancer, and for local treatment of local colonic pathologies, and the systemic delivery of protein and peptide drugs. The colon specific drug delivery system (CDDS) should be capable of protecting the drug en route to colon i.e. drug release and absorption should not occur in the stomach as well as the small intestine and bioactive agent should not be degraded and to allow drug release only in the colon .This study was conducted to developed a colon specific polyelectrolyte complexation based formulation of LP using the concept of polyelectrolyte complexation (PEC). LP capsules containing the PEC of cationic (Chitosan) and anionic (Sodium alginate/Xanthan gum) oppositely charged polyions were used and these capsules were coated with Eudragit S 100 (1-5%w/v) along with PEG and Talc (0.5%) were able to retard the release of drug in the upper GI tract. Percent swelling index suggested that Eudragit S-100 at 5% w/v concentration was found to have best percent swelling index accounting to highest value of 122% after twelve hours of study. In vitro release studies showed a sustained release profile over the span of 15hrs in 7.4 phosphate buffer. This study also concluded that sustained release of drug is dependent on the presence of PEC C+SA/X. From the In-vitro drug release study it was found that the highest drug release was observed i.e 98.92% from the F5 formulation having C+SA (50mg+20mg) in 15hrs at pH 7.4 phosphate buffer. From the result of release kinetics the data were best fitted with the first order kinetics with super case II release kinetics. The above study has shown that PECs based on C and SA has been exploited successfully for colon-targeted delivery of LP in the treatment of Hypertension.
